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1
Introduction
In the case of carrier aggregation the tolerances required for Pcmax are inherently different. The added transmitter means an additional tolerance contributor is added to the UE. In this paper we simulate the tolerance of Pcmax for the CA architecture.
2
Simulation Method
The tolerances for Pcmax in carrier aggregation can be built from the single carrier tolerances. The carrier aggregation case can be modeled as two transmitters at different power levels and then combined.
The Pcmax tolerance for the single carrier case is show in the table below (from 36.101).

Table 6.2.5-1: PCMAX tolerance (for single CC) 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


The resulting tolerance from the simulation is shown in Figure 1. The highest a lowest tolerance for each power level is shown in bold red. The dashed line draw on a diagonal shows where the UE power would be +25dBm. The tolerance curve should be below the diagonal to insure the UE power does not exceed +25 dBm. In order to keep the power below this level the tolerance window needs to be shifted down by 1.5 dB. Figure 2 shows the tolerance curve shifted down.
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Figure 1 Simulated Pcmax Tolerance for Carrier Aggregation
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Figure 2 Simulated Pcmax Tolerance Curves Shifted Down To Limit Power to +25dBm
The existing tolerance mask for the carrier aggregation case with two active UL serving cells is shown below for intra-band CA with two active UL serving cells (from 36.101). These requirements are however valid for the UE architecture with a single Tx chain.
Table 6.2.5A-2: PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   Intra-band with two active UL serving cells

(dB)
	Tolerance T(PCMAX)   Inter-band with two active UL serving cells

 (dB)

	21 ≤ PCMAX ≤ 23
	2.0
	2.0

	20 ≤ PCMAX < 21
	[2.5]
	TBD

	19 ≤ PCMAX < 20
	[3.5]
	TBD

	18 ≤ PCMAX < 19
	[4.0]
	TBD

	13 ≤ PCMAX < 18
	[5.0]
	TBD

	8 ≤ PCMAX < 13
	[6.0]
	TBD

	-40 ≤ PCMAX < 8
	[7.0]
	TBD


We propose to update the tolerance to allow the flexibility of implementing intra-band CA with 1 or 2 radios. Effectively, we could introduce the tolerance requirements for alternative architecture (2 radio chains) and inter-band CA by reusing the Pcmax tolerance requirements for UL-MIMO transmissions in Table 6.2.5B-1. 
Table 6.2.5B-1: PCMAX tolerance in closed-loop spatial multiplexing scheme
	PCMAX             (dBm)
	Tolerance 
TLOW(PCMAX_L) (dB)
	Tolerance 
THIGH(PCMAX_H) (dB)

	PCMAX=23
	3.0
	2.0

	[22] ≤ PCMAX < [23]
	[5.0]
	[2.0]

	[21] ≤ PCMAX < [22]
	[5.0]
	[3.0]

	[20] ≤ PCMAX < [21]
	[6.0]
	[4.0]

	[16] ≤ PCMAX < [20]
	[5.0]

	[11] ≤ PCMAX < [16]
	[6.0]

	[-40] ≤ PCMAX < [11]
	[7.0]


3
Conclusion
The required Pcmax tolerance for the carrier aggregation UE is simulated and a tolerance mask is presented for this case. It was observed that the existing mask only applies to a particular implementation with a single radio chain for intra-band contiguous CA. We recommend new Pcmax tolerance (based on UL-MIMO tolerance) to be introduced to allow implementation flexibility. A text proposal is provided in the Appendix
4
References

[1] R4-120685, “3GPP TS 36.1.1 V10.6.0 
Appendix TP to TS 36.101
--- Start of change ---
The tolerance T(PCMAX) for intra-band with two active UL serving cells with single radio chain implementation is defined by Table 6.2.5A-2 and applies to PCMAX_L_CA and PCMAX_H_CA separately.

Table 6.2.5A-2: PCMAX tolerance for intra-band with two active UL serving cells and single radio chain implementation
	PCMAX             (dBm)
	Tolerance T(PCMAX)   Intra-band with two active UL serving cells

(dB)
	


	21 ≤ PCMAX ≤ 23
	2.0
	

	20 ≤ PCMAX < 21
	[2.5]
	

	19 ≤ PCMAX < 20
	[3.5]
	

	18 ≤ PCMAX < 19
	[4.0]
	

	13 ≤ PCMAX < 18
	[5.0]
	

	8 ≤ PCMAX < 13
	[6.0]
	

	-40 ≤ PCMAX < 8
	[7.0]
	


The tolerance T(PCMAX) for intra-band with two active UL serving cells with dual-radio chain implementation and and inter-band with two active UL serving cells is defined by Table 6.2.5A-3.

Table 6.2.5A-3: PCMAX tolerance for intra-band with two active UL serving cells and dual-radio chain implementation and inter-band with two active UL serving cells
	PCMAX             (dBm)
	Tolerance 
TLOW(PCMAX_L) (dB)
	Tolerance 
THIGH(PCMAX_H) (dB)

	PCMAX=23
	3.0
	2.0

	[22] ≤ PCMAX < [23]
	[5.0]
	[2.0]

	[21] ≤ PCMAX < [22]
	[5.0]
	[3.0]

	[20] ≤ PCMAX < [21]
	[6.0]
	[4.0]

	[16] ≤ PCMAX < [20]
	[5.0]

	[11] ≤ PCMAX < [16]
	[6.0]

	[-40] ≤ PCMAX < [11]
	[7.0]


For the UE which supports inter-band CA configuration the ΔTIB,c is defined for applicable bands in Table 6.2.5A-4.
Table 6.2.5A-4: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	0.3


--- End of change ---
PAGE  
4

